To evaluate the utility of routinely collected Hendrich II fall scores in predicting returns to the emergency department (ED) for falls within 6 months. DESIGN: Retrospective electronic record review. SETTING: Academic medical center ED. PARTICIPANTS: Individuals aged 65 and older seen in the ED from January 1, 2013, through September 30, 2015. MEASUREMENTS: We evaluated the utility of routinely collected Hendrich II fall risk scores in predicting ED visits for a fall within 6 months of an all-cause index ED visit. RESULTS: For in-network patient visits resulting in discharge with a completed Hendrich II score (N 5 4,366), the return rate for a fall within 6 months was 8.3%. When applying the score alone to predict revisit for falls among the study population the resultant receiver operating characteristic (ROC) plot had an area under the curve (AUC) of 0.64. In a univariate model, the odds of returning to the ED for a fall in 6 months were 1.23 times as high for every 1-point increase in Hendrich II score (odds ratio (OR)51.23 (95% confidence interval (CI)51.19-1.28). When included in a model with other potential confounders or predictors of falls, the Hendrich II score is a significant predictor of a return ED visit for fall (adjusted OR51.15, 95% CI51.10-1.20, AUC50.75). CONCLUSION: Routinely collected Hendrich II scores were correlated with outpatient falls, but it is likely that they would have little utility as a stand-alone fall risk screen. When combined with easily extractable covariates, the screen performs much better. These results highlight the potential for secondary use of electronic health record data for risk stratification of individuals in the ED. Using data already routinely collected, individuals at high risk of falls after discharge could be identified for referral without requiring additional screening resources. J Am Geriatr Soc 66: 760-765, 2018. 
F alls in older adults are a major public health concern, resulting in significant morbidity and mortality. Despite guidelines 1 and quality measures, 2 screening for fall risk is inconsistent in the primary care setting. 3, 4 The emergency department (ED), where people are generally at higher risk of outpatient falls than the general population, [5] [6] [7] offers an ideal additional site to identify high-risk individuals. Although multispecialty guidelines recommend screening for fall risk in the ED, 1, 8 adherence to falls screening guidelines is generally inadequate in ED settings. 9 Interventions to screen people in the ED for risk of outpatient falls before discharge have not been widely implemented and are an identified research priority in the field of geriatric emergency medicine. 10, 11 ED-based screening tests have been advocated, and in many cases implemented through regulatory requirements, for many other conditions, such as alcohol abuse, 12 domestic violence, 13 suicide risk, 14 and low literacy. 15 Given the competing demands to deliver acute illness care, there is little enthusiasm from providers for adding screening for nonemergency conditions to the ED workflow.
based fall prevention, there are no interventions that satisfy the need for a scalable, adaptable, measurable model suitable for wide dissemination and implementation. 16 Nevertheless, many people in the ED are screened for inpatient falls because of the financial penalties assessed on hospitals with high inpatient fall rates. 17, 18 Numerous screens exist for inpatient fall risk, including the Hendrich II instrument, 19 which includes several questions similar to those used in validated outpatient fall screens. Although widely implemented, 17 to our knowledge, this instrument has not been studied with regard to its ability to predict outpatient falls after an ED visit. 6 The objective of this study was to evaluate the utility of routinely collected Hendrich II fall scores in predicting return to the ED for falls within 6 months. We hypothesized that the Hendrich II would have predictive utility in screening for outpatient fall risk.
METHODS

Study Design and Setting
We performed a retrospective observational study using electronic health record (EHR) data at a single academic medical center ED with level 1 trauma center accreditation and approximately 60,000 visits per year. The study was designed in accordance with the STrengthening the Reporting of OBservational studies in Epidemiolgy (STROBE) statement and was approved by the hospital institutional review board. 20 Our outcome of interest was a visit for a fall to the ED within 6 months of an index visit. We chose ED visits for a fall (as opposed to simply a fall) because of data availability and the relevance of an ED-specific fall outcome to those considering implementing screening in the ED.
Population
Individuals were included in the study if they presented to the University of Wisconsin University Hospital ED, were discharged, and were aged 65 and older (the recommended age at which the Centers for Disease Control and Prevention recommends routine outpatient fall risk screening). 21 We limited our analysis to discharged individuals who had a primary care provider (PCP) in our health system, minimizing the effect of the inpatient stay and maximizing the quality of collected comorbidity data and the probability that subjects would return to our ED for care. Data were collected from January 1, 2013, through September 30, 2015, During that time, all visits were coded using International Classification of Diseases, Ninth Revision, codes.
Measurements
At all ED visits during the study time period, nurses completed a triage screening process consisting of an electronic flow sheet including the Hendrich II instrument (Supplementary Table S1 ). Nurses were instructed to fill out this flow sheet for all patients, but the EHR system did not include a "hard stop" forcing completion. The Hendrich II score as implemented includes questions regarding confusion, disorientation, impulsiveness, depression, altered elimination, dizziness, sex, administration of highrisk medications, and a "rising from chair" test. Because this was a retrospective study, no intervention or education about fall risk was provided to the nursing staff. After all elements of the Hendrich II score are entered, the flow sheet calculates the total score and flags individuals with scores greater than 4 as being at high risk for an inpatient fall. Information on all elements of the score was extracted from the EHR for analysis.
Based on our prior work, 22 we defined a fall visit as one in which an individual presented with a chief complaint indicating a fall or had a mechanism of injury code that specifically indicated a fall mechanism. In addition to Hendrich II scores and our fall outcome, we extracted information on demographic characteristics (age, sex, race and ethnicity, insurance status) and factors affecting mode of presentation to the ED (arrival mode, Emergency Severity Index (ESI) triage category). The ESI is a widely used triage system in the ED that categorizes individuals into 5 levels, from 1 for the most acute to 5 for the least acute, and has been validated for use in older adults. 23 We also report Center for Medicare and Medicaid Services hierarchical condition category scores, which are used for baseline risk adjustment. 24 
Data Analysis
Data were extracted from the EHR and analyzed using Stata version 13.1 (StataCorp, College Station, TX). In the main analysis, we excluded all visits in which any component of the Hendrich II score was missing. We used two logistic regression models to evaluate the association between Hendrich II score assigned at an index visit and return for a fall within 6 months. The first model evaluated Hendrich II score alone, and the second included other variables preselected based on the potential for additional predictive value or confounding (age, sex, insurance status, mode of arrival, triage ESI acuity score, hierarchical condition category score, fall at index visit). Both of these models were created censoring cases with missing Hendrich II data.
After completing our primary analysis, as a sensitivity analysis, we recreated the above logistic models using a multiple imputation approach that uses the full dataset and imputes values for observations missing data. We used Stata 25 to perform a chained-equation multiple imputation model. We created 10 imputed datasets using predictive mean matching with 5 nearest neighbors to generate Hendrich II scores based on the above control variables. After creation of imputed datasets, logistic regression was performed on each imputed dataset, and results were generated by averaging the individual results from each set.
To test for selection bias, we investigated the association between missing scores at index visit and returns for a fall within 6 months. Here we again created two logistic regression models: one including only presence of a score at an index visit and one controlling for the same list of potential confounders used in the main result analysis as above. 
RESULTS
There were 21,322 visits to the ED during the study period, of which 6,595 resulted in discharge and were made by patients who had a PCP in our network, making up our study population ( Figure 1 ). Of all visits made by patients with an innetwork PCP presenting to the ED (admitted and discharged, N 5 13,062), 15.7% were fall related. Of these visits, 37.5% were made by patients who been seen in the ED within the prior 6 months. Of discharged individuals who had a PCP, 4,366 (66.2%) had a Hendrich II score completely recorded (Table 1) . Subjects were predominantly older, female, and white and had Medicare insurance, and two-thirds had an ESI acuity score of 3. For visits with a completed Hendrich II score (N 5 4,366), the return rate for a fall within 6 months was 8.3%. For visits with a completed Hendrich II score, a receiver operating characteristic (ROC) curve was generated to plot score performance at all possible cutoff points for predicting return visit, with an AUC of 0.64 (Supplementary Figure S1) . Table 2 shows test characteristics of the study population based on various Hendrich II cutoff scores. In a univariate model, the odds of returning for a fall within 6 months was 1.23 times as great for each additional point on the Hendrich II score (odds ratio (OR)51.23, 95% CI51.19-1.28). When included in a model with other potential confounders or predictors of falls, the Hendrich II score was a significant predictor of a return visit for a fall (adjusted OR (aOR)51.15, 95% CI51.10-1.20). This more inclusive model had greater predictive value for falls (AUC50.75) (Supplementary Figure S1 ). Supplementary Table S2 shows full regression results from the main analysis.
Of discharged individuals who had a PCP, 4,366 (33.8%) had at least one element of the Hendrich II score missing and were excluded from analysis. Of visits with a missing Hendrich II score, the "rising from chair" variable was left unfilled in 90.5% of cases, with rates of missingness for other variables ranging from 46% to 51%. The score sheet was completely unfilled in 15% of cases. Supplementary Table S1 lists individual score elements including missing variables for all subjects. Results of regression in the multiple imputation models were similar overall to those in the censored regression model (Hendrich II score alone AUC50.62 Hendrich II model along with covariates AUC50.74). Supplementary Table S2 presents the full results of this analysis.
We also investigated whether the presence of missing values had an effect on return visits for a fall. In a univariate logistic regression model, having a complete Hendrich II score was associated with a lower rate of return for falls (OR50.66, 95% CI50.55-0.75); when Hendrich II score was included in a model along with potential confounders, there was no significant effect on return rates (aOR50.96, 95% CI50.8-1.15). For full regression results of the missing value analysis, see Supplementary Table S3 .
DISCUSSION
We performed an analysis of the Hendrich II, an existing, widely adopted inpatient fall screening instrument, to evaluate its usefulness in screening for outpatient fall risk. We showed that high Hendrich II scores have a strong association with future visits for a fall, but given the sensitivity and specificity at each score cutoff, it is likely that it is insufficient as a standalone instrument for risk stratifying individuals in the ED for fall risk beyond their hospital stay. Combining Hendrich II score with other variables easily extracted from the EHR improved prediction of falls (AUC50.75), suggesting the possibility of risk stratifying adults for outpatient falls without adding to existing ED workflows using routinely collected EHR data. Our approach of repurposing the Hendrich II instrument for outpatient falls has several advantages over improving or creating a new standalone risk screening instrument. It is already widely used to screen for fall risk in hospitals, and the data are already collected, meaning that there is no additional time or resource cost incurred in using the results to determine outpatient fall risk. There is a gap between fall screening guidelines and interventions that are suitable for widespread adoption; 16 automating the screening process has the potential to address numerous potential barriers to implementation by reducing costs in terms of resources, time, and behavioral change. 26 There are some disadvantages to implementing the Hendrich II score in the ED setting. Specifically, the rising from the chair test may not be feasible for all people in all EDs. Alternative instruments have been suggested; a screen of 4 independent factors found a 4% probability of falling in the lowest risk group and 42% in the highest, 5 and another screening instrument has been developed and externally validated (AUC50.70). 7 Both of these instruments require additional staff time for in-person screening implementation.
Regardless of which instrument is used, the need for fall screening and intervention is clear; nearly 15% of our ED visits of individuals aged 65 and older were fall related, highlighting the significant burden of disease for falls. Of individuals with ED visits for falls in our study population, 37.5% had been seen in our ED within the previous 6 months, suggesting that the ED is an ideal site to capture high-risk individuals and to intervene to modify risk.
Better fall screening can modify fall risk only when coupled with an effective intervention for individuals at risk, and screening and lack of effective interventions have been implicated as barriers to better ED-based fall care. 27 Multidisciplinary fall interventions have been proven to reduce risk of falls in some settings: the Prevention of Falls in the Elderly Trial enrolled individuals in the ED after an initial fall and demonstrated that ED-based referral for multidisciplinary fall prevention programs reduced future fall rates. 28 Our study has several limitations. The single-site design may limit the generalizability of our results. Older adults underreport falls, 3 and it is likely that the true burden of falls is higher than our outcome of ED visits for a fall captured, although we have no reason to believe that falls are reported differently based on a screening score, so it is unlikely that this effect significantly altered our findings. Given our secondary use of a clinically obtained dataset, it is likely that our study was subject to some selection bias. 29 Specifically, our decision to include only individuals who had a PCP may have created a subpopulation with better access to care. In this case, the specificity of our test would be artificially increased with little effect on sensitivity when comparing our results with those from a more general population. 30 In our sample, Hendrich II scores were completed for only 66% of visits. Completion of the score was not independently associated with a difference in fall rate, but scores were completed in a subset of our population that was less likely to return for a fall. We would not expect scores themselves to influence fall rates, because no attempt was made to lower outpatient fall risk in those who had high scores. It is likely that individuals who arrived by ambulance represented a sicker subpopulation that was more likely to fall in the future and less likely to receive a fall score. In ambulance arrivals, nursing staff are more focused on initiating care than filling out screening instruments, which probably explains the association we observed. Our multiple imputation analysis suggests that this process difference had little effect on our primary results. Future screening efforts may be able to increase completion rates using other EHR data points such as those collected in our study to reserve nursing screening questions for further risk stratification only in individuals who are at greater risk based on age, presenting complaint, or other factors.
CONCLUSION
We examined the effectiveness of a widely adopted inpatient fall screening instrument for the prediction of serious outpatient falls. We found that the instrument had an AUC of 0.64, but given the sensitivity and specificity at each cutoff value, it is unlikely that it would be useful as a stand-alone fall risk screen. When combined with easily extractable covariates, the screen performed much better (AUC50.75 for return visits). These results highlight the potential for secondary use of EHR data for risk stratification in the ED. Using data already routinely collected, individuals at high risk of future falls after discharge could be identified for referral to fall reduction programs or other follow-up measures without requiring the use of additional screening resources, overcoming a major barrier to falls prevention in the ED setting. Figure S1 . ROC curve: Hendrich II score alone for outcome of return visit for fall within 6 months (left) and Hendrich II score along with EHR derived variables for outcome of return visit for fall within 6 months (right). Table S1 . Hendrich II Fall Risk Score As Implemented. Table S2 . Regression Results, Main Analysis. Table S3 . Regression Results for Missing Value Sensitivity Analysis.
Please note: Wiley-Blackwell is not responsible for the content, accuracy, errors, or functionality of any supporting materials supplied by the authors. Any queries (other than missing material) should be directed to the corresponding author for the article.
